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1
ARTIFICIAL MICROSTRUCTURE AND
METAMATERIAL USING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This is a U.S. National Phase Application under 35 U.S.C.
§371 of International Patent Application No. PCT/CN2011/
081413, filed Oct. 27, 2011, and claims the priority of Chi-
nese Patent Application No. CN 201110131783.3 filed May
20, 2011, all of which are incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to materials, and particularly,
to an artificial microstructure and a metamaterial using the
same.

BACKGROUND OF THE INVENTION

Permittivity is a parameter of a material responding to the
electric field. The material can generate induced charges
under the action of external electric field, but resulting in
weakening the electric field. The ratio of the external electric
field of original vacuum to the electric field of the final mate-
rial is called permittivity. Any kind of material has its specific
permittivity value or permittivity curve in the natural world.
When the material with high permittivity is placed in the
electric field, the strength of the electric field will produce a
considerable decrease in dielectric material. The material
with high permittivity, such as dielectric insulator, is often
used to produce capacitors. The electromagnetic wave has a
very short wavelength in dielectric material with high permit-
tivity, which can greatly reduce the size of the radio frequency
and microwave devices.

With the rapid development of science and technology,
people constantly set higher and higher standards for material
application. In some cases, the needed permittivity value of
the material is much greater than that of the existing material
in the nature world. The existing dielectric with high permit-
tivity can not meet the standards, which will become the
bottleneck in the development of technology and related
product research. Thus, artificial metamaterials are applied to
achieve these purposes and solve these problems.

Metamaterial is new artificial composite structure material
with extraordinary physical characteristic which does not
exist in the natural materials. By placing the microstructures
in ordered arrangement, the relative permittivity and the per-
meability of each point are changed in space. The metamate-
rial has the permittivity and the permeability that the common
materials do not exist within a certain range to effectively
control the propagation characteristics of electromagnetic
waves.

The metamaterial includes a substrate and a plurality of
artificial microstructures attached to the substrate. The artifi-
cial microstructures are composed of metal wires and have a
certain geometrical shape formed by the metal wires. The
artificial microstructures are placed on the substrate in an
array arrangement. The substrate is a structure that serves to
support the arranged artificial microstructures. The substrate
can be made of any materials different from that of the arti-
ficial microstructures. The two different types of materials of
the substrate and the artificial microstructures are overlapped
together to produce an equivalent permittivity and permeabil-
ity in space, and the two physical parameters respectively
correspond to the electric field response and magnetic field
response of the entire material. The electromagnetic response
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2

of'the metamaterial is dependent on the characteristics of the
artificial microstructures, and the electromagnetic responses
of the artificial microstructures are mostly dependent on the
topological characteristics of the metal wires and the size of
metamaterial units. The size of each metamaterial unit is
depended on the needed electromagnetic waves responded by
the artificial microstructures. The size of each artificial micro-
structure is usually about one tenth of the wavelength of the
electromagnetic waves that need to respond, otherwise the
arrangement formed by the artificial microstructures cannot
be considered to be continuous.

Referring to FIG. 1, in the typical production process of
metamaterial, “I” shaped artificial microstructures are usu-
ally applied to change the distribution of the permittivity in
space. The metamaterial can be formed by the array arrange-
ment of substrate units attached by artificial microstructures.
The size range of each substrate unit is from one tenth to one
fifth of the wavelength of the electromagnetic waves. In a
limited space, the change range of the size of the “I”” shaped
artificial microstructure is limited, and accordingly the
changeable range of the permittivity of the metamaterial unit
is limited too.

DISCLOSURE OF THE INVENTION

Aiming at the defects of the existing technology, the tech-
nical problem to be solved in present invention is to provide a
microstructure with high permittivity.

The present invention provides an artificial microstructure
which includes a first metal wire, a second metal wire parallel
to the first metal wire, at least one first metal wire branch and
at least one second metal wire branch; the at least one first
metal wire branch and the at least one second metal wire
branch are distributed in an interlacement arrangement, one
end of the at least one first metal wire branch is connected to
the first metal wire, the other end is defined as a free end
facing towards the second metal wire. One end of the at least
one second metal wire branch is connected to the second
metal wire, and the other end of the at least one second metal
wire as a free end faces towards the first metal wire.

The at least one first metal wire branch and the at least one
second metal wire branch are evenly distributed.

The at least one first metal wire branch and the at least one
second metal wire branch are parallel to each other.

The at least one first metal wire branch is perpendicular to
the first metal wire, and the at least one second metal wire
branch is perpendicular to the second metal wire.

The number of the at least one first metal wire branches is
equal to the number of the at least one second metal wire
branches.

The number of the at least one first metal wire branches is
unequal to the number of the at least one second metal wire
branches.

The present invention further provides a metamaterial
including at least one metamaterial layer. Each metamaterial
layer includes a substrate and at least one above described
artificial microstructure, wherein the at least one artificial
microstructure is attached to the substrate.

Each metamaterial layer includes at least two artificial
microstructures.

The metamaterial further includes at least three third metal
wires, and the at least three third metal wires are connected to
the first metal wire and/or the second metal wire.

The third metal wires are connected between the first metal
wire and the second metal wire of the two adjacent artificial
microstructures.

Each third metal wire is a straight line.
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Each third metal wire is a curve.

Each third metal wire is a sinuous curve.

The plurality of artificial microstructures are placed on the
substrate in an array arrangement.

The substrate is divided into a plurality of identical cuboid
metamaterial units in the form of array arrangement, and each
substrate unit is attached by an artificial microstructure.

A side of the substrate falls within a range from one tenth
to one fifth.

The substrate is made from any of FR-4, F4b, CEM1 and
TP-1.

The substrate is made from any of polytetrafluoroethylene,
ferroelectric material, ferrite material and ferromagnetic
material.

The metamaterial includes a plurality of substrates stacked
together, and each substrate is attached by a plurality of
artificial microstructures.

Any two adjacent substrates are connected together by
filling with liquid substrate materials.

Using the present disclosure of metamaterial, by changing
the shape of the existing artificial microstructures, the first
metal wire branches and the second metal wire branches are
constructed in each artificial microstructure and are placed in
an interlacement distribution, thus enlarging the area of the
metal wires, increasing the capacitance of the artificial micro-
structures and further increasing the permittivity and refrac-
tive index of the metamaterial. Simulation results show that
the permittivity of the metamaterial using the artificial micro-
strucutres is very steady. Compared with the “I” shaped arti-
ficial microstructures, the refractive index and the permittiv-
ity of the metamaterial greatly increased. The metamaterial
with high permittivity can be applied to the field of antenna
manufacture and semiconductor manufacturing. The techni-
cal solution breaks through the defects of the existing tech-
nology that the permittivity is limited in unit volume, and has
an invaluable role for the miniaturization of the microwave
devices.

Other advantages and novel features of the present disclo-
sure will become more apparent from the following detailed
description of preferred embodiment when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an existing embodiment of a
typical “I” shaped artificial microstructure.

FIG. 2 is a structural schematic view of a metamaterial
according to a first embodiment.

FIG. 3 is a structural schematic view of one artificial micro-
structure shown in the first embodiment of this disclosure.

FIG. 4 is a structural schematic view of a metamaterial
according to a second embodiment.

FIG. 5 is a structural schematic view of two adjacent arti-
ficial microstructures shown in the second embodiment of
this disclosure.

FIG. 6 is a structural schematic view of a metamaterial
according to a third embodiment.

FIG. 7 is a structural schematic view of two adjacent arti-
ficial microstructures shown in the third embodiment of this
disclosure.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

To improve the electromagnetic characteristics of the typi-
cal electromagnetic material in the existing technology, the
present invention provides a metamaterial, and compared
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with the existing materials and known metamaterial, has the
advantages of improving permittivity and reflective index of
the metamaterial.

Referring to FIGS. 2 and 3, the present disclosure provides
a new type of metamaterial, and compared with the existing
metamaterial, the permittivity of the metamaterial is
improved by changing the topology structure of the artificial
microstructures in the metamaterial. Referring to FIG. 2, the
metamaterial includes three metamaterial layers 1, and the
three metamaterial layers 1 are stacked together in turn along
a direction perpendicular to the plane of the substrate (the
direction of Z axis). The three metamaterial layers 1 can be
connected together by filling with such as liquid substrate
materials therebetween, so that when the liquid substrate
materials are solidified, any two adjacent metamaterial layers
1 are fixed together to form an integral whole. Each of the
metamaterial layers 1 includes a substrate and a plurality of
artificial microstructures attached to the substrate. The sub-
strate can be made from FR-4, F4b, CEM1, TP-1 or other
ceramic materials with high permittivity, and can also be
made from polymer materials such as polytetrafluoroethyl-
ene, ferroelectric material, ferrite material or ferromagnetic
material. The artificial microstructures can be attached to the
substrate by means of etching, plating, drilling, photolithog-
raphy, electronic engraving or ion etching.

Each metamaterial layer 1 is virtually divided into a plu-
rality of identical cuboid metamaterial units 3, the metama-
terial units 3 are close adjacent to each other and are arranged
along the X-direction for the row, the Y-direction for the
column orthogonal to the X-direction. Each metamaterial
unit 3 includes a substrate unit and a plurality of artificial
microstructures 2 attached to the substrate unit. In one
embodiment, aside (e.g., a width, a length or thickness) of the
metamaterial unit 3 falls within a range, the range being less
than one fifth of a wavelength of the incident electromagnetic
wave, preferably one tenth to one fifth. Referring to FIG. 3,
the metamaterial of the present disclosure is made up of a
plurality of the identical metamaterial units 3 with the same
length, width and thickness respectively, which are arranged
along the X-direction, Y-direction, and the Z-direction into
the array. In other embodiment, the thickness (the length
along the Z-direction) of the metamaterial unit 3 is not nec-
essary equal to the length and width, so long as that is not
greater than the length and width.

Referring to FIG. 3, each artificial microstructure includes
afirst metal wire al, a second metal wire a2 parallel to the first
metal wire al, eight first metal wire branches bl and eight
second metal wire branches b2. One end of each first metal
wire branch bl is connected to the first metal wire al, the
other end is defined as a free end facing towards the second
metal wire a2. One end of any second metal wire branch b2 is
connected to the second metal wire a2, and the other end as a
free end faces towards the first metal wire al. The first metal
wire branches b1 and the second metal wire branches b2 are
parallel to each other and are evenly interlacement distrib-
uted. The first metal wire branches b1 and the second metal
wire branches b2 are perpendicular to the first metal wire al
and the second metal wire a2.

Referring to FIGS. 4 and 5, the metamaterial includes three
metamaterial layers 1, and the three metamaterial layers 1 are
stacked together in turn along a direction perpendicular to the
plane of the substrate (the direction of Z axis). Each metama-
terial layer 1 is virtually divided into a plurality of identical
cuboid metamaterial units 3, the metamaterial units 3 are
close adjacent to each other and are arranged along the X-di-
rection for the row, the Y-direction for the column orthogonal
to the X-direction. Each metamaterial unit 3 includes a sub-



US 9,166,272 B2

5

strate unit and a plurality of artificial microstructures 2
attached to the substrate unit. In one embodiment, a side (e.g.,
a width, a length or thickness) of the metamaterial unit 3 falls
within a range, the range being less than one fifth of a wave-
length of the incident electromagnetic wave, preferably one
tenth to one fifth. As shown in FIG. 4, the metamaterial of the
present disclosure is made up of a plurality of the identical
metamaterial units 3, which are arranged along X-direction,
Y-direction, and Z-direction into the array arrangement.

In this embodiment, each metamaterial layer includes at
least three third metal wire ¢ connected to the first metal wire
al and/or the second metal wire a2. Some of the third metal
wires ¢ are only connected to the first metal wire al, some of
the third metal wires ¢ are only connected to the second metal
wire a2, and some of the third metal wires ¢ are simulta-
neously connected to the first metal wires al and the second
metal wires a2 of the two adjacent artificial microstructures.

Referring to FIG. 5, in this embodiment, the two adjacent
artificial microstructures are connected to each other through
the third metal wire ¢, and each of the third metal wires ¢ is a
linear shape. Each artificial microstructure includes a first
metal wire al, a second metal wire a2 parallel to the first metal
wire al, eight first metal wire branches b1 and eight second
metal wire branches b2. One end of each first metal wire
branch b1 is connected to the first metal wire al, the other end
is defined as a free end facing towards the second metal wire
a2. One end of any second metal wire branch b2 is connected
to the second metal wire a2, and the other end as a free end
faces towards the first metal wire al. The first metal wire
branches b1 and the second metal wire branches b2 are par-
allel to each other and are evenly interlacement distributed.
The first metal wire branches b1 and the second metal wire
branches b2 are perpendicular to the first metal wire al and
the second metal wire a2.

Referring to FIGS. 6 and 7, the metamaterial includes three
metamaterial layers 1, and the three metamaterial layers 1 are
stacked together in turn along a direction perpendicular to the
plane of the substrate (the direction of Z axis). Each metama-
terial layer 1 is virtually divided into a plurality of identical
cuboid metamaterial units 3, the metamaterial units 3 are
close adjacent to each other and are arranged along the X-di-
rection for the row, the Y-direction for the column orthogonal
to the X-direction. Each metamaterial unit 3 includes a sub-
strate unit and a plurality of artificial microstructures 2
attached to the substrate unit. In one embodiment, a side (e.g.,
a width, a length or thickness) of the metamaterial unit 3 falls
within a range, the range being less than one fifth of a wave-
length of the incident electromagnetic wave, preferably one
tenth to one fifth. Referring to FIG. 6, the metamaterial of the
present disclosure is made up of a plurality of the identical
metamaterial units 3, which are arranged along the X-direc-
tion, Y-direction, and the Z-direction into an array arrange-
ment.

As shown in FIG. 7, the two adjacent artificial microstruc-
tures are connected to each other through a third metal wire c,
and the third metal wire ¢ shows a sinuous shape. In other
embodiment, the third metal wire ¢ can be a wavy shape,
polygonal shape or other curved shapes. Each artificial micro-
structure includes a first metal wire al, a second metal wire a2
parallel to the first metal wire al, eight first metal wire
branches bl and eight second metal wire branches b2. One
end of each first metal wire branch bl is connected to the first
metal wire al, the other end is defined as a free end facing
towards the second metal wire a2. One end of any second
metal wire branch b2 is connected to the second metal wire
a2, and the other end as a free end faces towards the first metal
wireal. The first metal wire branches b1 and the second metal

10

15

20

25

30

35

40

45

50

55

60

65

6

wire branches b2 are parallel to each other and are evenly
interlacement distributed. The first metal wire branches b1
and the second metal wire branches b2 are perpendicular to
the first metal wire al and the second metal wire a2.

Although the present disclosure has been specifically
described on the basis of the exemplary embodiment thereof,
the disclosure is not to be construed as being limited thereto.
Various changes or modifications may be made to the
embodiment without departing from the scope or spirit of the
disclosure.

What is claimed is:

1. An artificial microstructure used in a metamaterial which
comprises at least one artificial microstructure, comprising:

a first metal wire;

a second metal wire parallel to the first metal wire;

at least one first metal wire branch; and

at least one second metal wire branch, wherein a third
metal wire is connected between the first meal wire and
the second metal wire of two adjacent artificial micro-
structures, the at least one first metal wire branch and the
at least one second metal wire branch are distributed in
an interlacement arrangement to increase the capaci-
tance of the artificial microstructure and the refractive
index and pertimittivity of the metamaterial, the at least
one first metal branch and the at least one second metal
branch are parallel to each other, one end of the at least
one first metal wire branch is connected to the first metal
wire and is perpendicular to the first metal wire, the other
end is a free end facing towards the second metal wire;
one end of the at least one second metal wire branch is
connected to the second metal wire and is perpendicular
to the second metal wire, and the other end of the at least
one second metal wire is a free end facing towards the
first metal wire.

2. The artificial microstructure of claim 1, wherein the at
least one first metal branch and the at least one second metal
branch are evenly distributed.

3. The artificial microstructure of claim 1, wherein the
number of the first metal wire branches is equal to the number
of the second metal wire branches.

4. The artificial microstructure of claim 1, wherein the
number of the first metal wire branches is unequal to the
number of the second metal wire branches.

5. The artificial microstructure of claim 2, wherein the at
least one first metal branch and the at least one second metal
branch are parallel to each other.

6. The artificial microstructure of claim 2, wherein the
number of the first metal wire branches is equal to the number
of the second metal wire branches.

7. The artificial microstructure of claim 2, wherein the
number of the first metal wire branches is unequal to the
number of the second metal wire branches.

8. A metamaterial, comprising:

at least one metamaterial layer, and each metamaterial
layer comprising:

a substrate; and

at least three third metal wires;

at least one artificial microstructure attached to the sub-
strate, and each artificial microstructure comprising:

a first metal wire;

a second metal wire parallel to the first metal wire, and the
three third metal wires connected to the first metal wire
and/or the second metal wire;

at least one first metal wire branch; and

at least one second metal wire branch, wherein the third
metal wires are connected between the first metal wires
and the second metal wires of the two adjacent artificial
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microstructures, the at least one first metal wire branch
and the at least one second metal wire branch are dis-
tributed in an interlacement arrangement to increase the
capacitance of the artificial microstructure and the
refractive index and pertimittivity of the metamaterial,
the at least one first metal branch and the at least one
second metal branch are parallel to each other, one end
of the at least one first metal wire branch is connected to
the first metal wire and is perpendicular to the first metal
wire, the other end is defined as a free end facing towards
the second metal wire; one end of the at least one second
metal wire branch is connected to the second metal wire
and is perpendicular to the second metal wire, and the
other end of the at least one second metal wire as a free
end faces towards the first metal wire.
9. The metamaterial of claim 8, wherein each metamaterial
layer comprises at least two artificial microstructures.
10. The metamaterial of claim 9, wherein each third metal
wire is a straight line.
11. The metamaterial of claim 9, wherein each third metal
wire is a curve.
12. The metamaterial of claim 9, wherein each third metal
wire is a sinuous curve.
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13. The metamaterial of claim 8, wherein the plurality of
artificial microstructures are placed in an array arrangement
on the substrate.

14. The metamaterial of claim 8, wherein the substrate is
divided into multiple identical cuboid metamaterial units in
the form of array arrangement, and each substrate unit is
attached by an artificial microstructure.

15. The metamaterial of claim 8, wherein a side of the
substrate falls within a range between one tenth to one fifth.

16. The metamaterial of claim 8, wherein the substrate is
made from FR-4, F4b, CEM1 or TP-1.

17. The metamaterial of claim 16, wherein the substrate is
made from any of polytetrafluoroethylene, ferroelectric
material, ferrite material and ferromagnetic material.

18. The metamaterial of claim 8, wherein the metamaterial
comprises a plurality of substrates stacked together, and each
substrate is attached by a plurality of artificial microstruc-
tures.

19. The metamaterial of claim 18, wherein any two adja-
cent substrates are connected together by filling liquid sub-
strate materials.



